Abstract
INTRODUCTION
A rotary machine aggregate consists of a subsystem electric drive, which comprises an electric motor and transmission gear, a working machine which simulates some technological process, and a control assembly which ensures optimal control of the machine aggregate with respect to the technological process or dynamical properties of the aggregates (Fig.1) .
A standard dynamometer is typically used to carry out static measurements of the machine aggregates and their subsystems further of the electric, internal-combustion, hydraulic and control drives, gearboxes, couplings, variators, and so on. The equipment makes it possible to measure static features of the above mentioned systems and their subsystems. The measurement is carried out point by point. DRIVE   PRODUCTION  PROCESS  GEAR  MECHANISM   1  2  3  4 5
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Fig. 1 Scheme of machine aggregate
Wear of the individual components of the machine aggregate and their progressive deformations, emergence of clearances in kinematical couplings and the like, are reasons resulting in modifications of the dynamical properties of the machines. The mentioned facts result in an increase of the energetic vibration level which brings an additional dynamical loading and decrease of reliability in machine operation when transmitting with them (5, 6).
DYNAMICAL MODEL OF MACHINE AGGREGATE WITH GEARING
In this paper, the problems of dynamical loads existing within the machine aggregate are analyzed, when elastic coupling, viscous damping, kinematical clearances and geometrical inaccuracies in gearing are taken into consideration. The influence of the dynamical load on the dynamical property of the aggregate as one unit is analyzed in this paper. The dynamical model of the machine aggregate (Fig. 2a) is considered as a two-disc system. The first disc (moment of inertia I1) is fixed on shaft 1 and consists of an electric motor and the gearing. The second disc (moment of inertia I2) is fixed on shaft 2 and is considered as the effect of the working machine. The mutual joining of both shafts is represented by coupling the element with moment Mkb.
Fig. 2 Dynamical model of machine aggregate with gearing a -two-discs system with damping and without clearance, b -two-discs elastic system with gearing clearance
The motion equations of the machine aggregate ( Fig. 2b ) with the gear drive and considered elastic coupling and viscous damping can be written as follows:
where I1, I2 -the resulting reduced moments of inertia of the driving and driven part, 1, 2-the angles of discs rotation, 1, 2 -the angular velocities of discs, Md -driving (electro-magnetic) torque of the motor, Mz -resulting reduced loading torque, Mr -resistance torque, representing losses in the motor, k -stiffness of the coupling element, b -viscous damping coefficient of the coupling element,
-torque transmitted by the coupling element,
-coupling torque of viscous damping.
Resulting reduced gearing clearance can be expressed [1] by formula At first sight, it seems no excitation for the individual members is taken into consideration in the equations (1) . As a consequence of the angular clearances, source of excitation is the torque of the elastic coupling Mk, which can be expressed in form ) sin (
where max   -maximal angular deviation within gearing reduced on the motor shaft, -angular frequency proportional to the angular rotor velocity of the drive.
The torque of the elastic coupling is then acting on both discs with angular frequency ω which is in the opposite phase to the angular speed of the drive. Gearing clearance i   which depends on the gearing module and when a reduction on the rotor of the drive is made ( The equation (5) is a nonhomogeneous linear differential equation with constant coefficients and its general solution for can be written in the form (3) , )) ( 
[7]
ANALYSIS OF LOADING WITHIN MACHINE AGGREGATE
In the following section it is shown, how the loading character is changed during start-up of the electromotor when the following parameters of the aggregate remain constant, i.e.
and ultimate stiffness is k and the damping is neglected (b = 0). The equation of motion (4) can be modified into a form containing torque Mk of the elastic
From the expression [13] results, that with given inertia moment I1 of the motor, given reduced clearance Δφ, the dynamical loading of the gearing depends on acceleration at the moment of clearance overcoming and in relation to inertia moments of the drive and driven side of the machine. From this, it follows that the real gearing loading can be many times higher than the static one.
The dynamical factor is an important dynamical characteristic of the machine aggregate. From the analysis results, it is evident that the influence of the additional dynamical loadings has to be taken into consideration when the moment of inertia of the driven mechanism (machine) is much bigger than that of the motor. This reality has to be taken into consideration in calculations regarding motor power. In the cases when the inertia moment I1 of the motor is dominant, the dynamical torque of the motor is spent on the acceleration of masses being firmly connected with the motor shaft. The transmissions of the machine are loaded by loading torque Mz only. This contribution is focused on the analysis of the influence of kinematical and geometrical deviations within gearing upon the dynamical properties of the machine aggregates. We showed that the mechanical gearbox of the machine aggregate is a source of excitation having a broad range of frequencies. The mechanical part of the drive becomes -in relation to its electric part -an object of regulation, which should ensure optimal regimes of system movement with regard to the expected technological process.
